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(54) Alternator for vehicle 

(57) It is an object of this invention to provide a com- 
pact high-power alternator for a vehicle. An alternator 
(1) for a vehicle includes a stator (2) and a rotor (3). The 
stator (2) serves as an armature. The rotor (3) operates 
to generate magnetic field. A front cooling fan (12) and 
a rear cooling fan (13) are fixed to two axial-direction 
ends of the rotor (3) respectively. The outside diameter 
(RO) of the cooling fans (12. 13) is equal to the outside 
diameter (R1) of the rotor (3) which is multiplied by a 
value of 0.90 to 0.96. The stator (2) includes a stator 
iron core (32), a stator winding, and an insulator (34) for 
providing insulation between the stator iron core (32) 
and the stator winding. Coil end groups (31a. 31b) 
extend from axiai-direction end surfaces of the stator 
iron core (32) respectively In the coil end groups (31a. 
31b). gaps are formed between portions of the stator 
winding. Here. 70% or more (for example. 80%) of inner 
circumferential surfaces of the coil end groups (31a. 
31b) is opposed to the cooling fans (12, 13). 



FIG, 1 




CM 
< 
CO 

1^ 

CM 

T- 

o 

m 

Primed by Xe-ox (UK) Business Services 
2 16 7,0 6 



BNSDOCID <EP 09i7276A2_l_> 



1 



EP 0 917 278 A2 



2 



Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to an alternator for a 
vehicle such as a passenger automotive vehicle or a 
truck. 

Description of the Related Art 

[0002] To reduce the aerodynamic resistance in a 
traveling condition, a vehicle body tends to be formed 
into a slant nose shape. Securing a sufficient residential 
space for a passenger compartment is earnestly 
demanded. To satisfy these requirements, engine 
rooms of automotive vehicles have recently been 
becoming so narrow and crowded that only a limited 
space is available for installing an alternator. Mean- 
while, as vehicular engine noises have been lowered, 
there have been demands for reduction in vehicular 
alternator noises. Thus, a compact, high-power, and 
low-noise alternator for a vehicle is required to be pro- 
vided at a low cost. 

[0003] One way of enabling a compact design and a 
high power output of an alternator for a vehicle is to 
improve the cooling performance of a stator winding 
which has the greatest heat loss. 
[0004] Fig. 13 shows a prior-art alternator having a 
fan-built-in structure in which cooling fans are disposed 
in an alternator frame to apply cooling winds directly to 
coil ends to cool them. The prior-art alternator of Fig. 1 3 
has the following problem. In the prior-art alternator of 
Fig. 13, since the cooling fans are opposed to only tip 
portions of coil end groups of a stator winding, cooling 
winds generated by rotation of the cooling fans are 
applied to only the tip portions of the coil end groups 
before being discharged. Thus, the effect of cooling the 
stator winding is relatively weak. 
[0005] Japanese published unexamined utility-model 
application 5-11769 (corresponding to U.S. Patent 
5,233,255) discloses an alternator for a vehicle in which 
coil end groups of a stator winding are axially extended 
so as to be sufficiently opposed to cooling fans. The 
alternator of Japanese application 5-1 1769 has the fol- 
lowing problems. In the alternator of Japanese applica- 
tion 5-1 1769. since base portions of the coil end groups 
are not opposed to the cooling fans, the effect of cooling 
the base portions of the coil end groups is relatively 
weak. Since the coil end height is made great, the 
resistance of the stator wing increases and thus an 
alternator power output decreases. 
[0006] In general, it is known that an increase in area 
exposed to a cooling wind and an increase in flow rate 
of the cooling wind improve the cooling performance. 
[0007] In a fan-built-in alternator for a vehicle, inner 
circumferential surfaces of a coil end group are rugged 



since multiple-phase windings are located there while 
being overlapped in a circumferential direction. Such an 
alternator has the following problem. A collision 
between a cooling wind and the rugged surfaces 
5 increases a periodical pressure variation, thereby caus- 
ing greater fan noise. 

[0008] Japanese published unexamined patent appli- 
cation 8-308190 (corresponding to U.S. Patent 
5.543.676) discloses an alternator in which the height of 

10 a coil end group and the height of a cooling fan are 
approximately equal in an axial direction, and the coil 
end group and the cooling fan are opposed to each 
other The alternator of Japanese application 8-308190 
has the problem that a collision of a cooling wind and 

15 rugged inner circumferential surfaces of the coil end 
group increases fan noise. 

SUMMARY OF THE INVENTION 

20 [0009] In view of the above-mentioned problems, it is 
an object of this invention to provide a compact, high- 
power, and low-noise alternator for a veNcle which 
improves the coding performance of a stator winding, 
and which reduces fan noise. 
25 [0010] According to the invention of claim 1 , an alter- 
nator for a vehicle comprises a stator and a rotor. The 
stator includes a stator iron core and a stator winding. 
The stator iron core has a plurality of slots. The stator 
winding is provided on the stator iron core, and extends 
30 in the slots. The stator winding forms coil end groups at 
two ends of the stator iron core in an axial direction. The 
rotor includes a field iron core and a cooling fan. The 
field iron core is opposed to and located inward of the 
stator. The field iron core has magnetic pole claws. The 
35 cooling fan is located at an end of the field iron core in 
an axial direction. Here. 70% or more of an axial-direc- 
tion height of one of the coil end groups which is located 
radially outward of the cooling fan overlaps the cooling 
fan with respect to a radial direction. A wind flow pas- 
40 sage through which a cooling wind generated by the 
cooling fan passes is formed in the one of the coil end 
groups. Thereby, the cooling wind which is caused by 
rotation of the cooling fan passes through a wide region 
in the coil end group, and hence the cooling efficiency 
45 can be enhanced. In addition, it is possible to suppress 
a pressure variation caused in a region between the 
inner circumferential surfaces of the coil end group and 
the outer portion of the cooling fan. Thus, it is possible 
to provide an increase in cooling performance of the 
50 Stator iron core and a reduction of fan noise. 

[001 1 ] According to the invention of claim 2. the alter- 
nator for the vehicle which is mentioned in claim 1 is 
designed so that the one of the coil end groups includes 
an arrangement mainly of a recurrence of coil ends hav- 
55 ing a given shape. Thereby, it is possible to reduce the 
ruggedness in the inner circumferential surfaces of the 
coil end group, and it is possible to suppress a periodi- 
cal pressure variation in a region between the tugged 
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inner circumferential surfaces of the coil end group and 
the outer portion of the cooling fan. 
[001 2] According to the invention of claim 3. the alter- 
nator fa the vehicle is designed so that an outside 
diameter of the cooling fan is between 90% and 96% of 
an outermost diameter of the field iron core of the rotor. 
Thereby, the distance between the outer portion of the 
cooling fan and the inner portion of the coil end group is 
increased, and the pressure variation of the cooling 
wind in that region is further reduced. Thus, it is possible 
to further reduce the fan noise. 
[001 3] According to the invention of claim 4. the alter- 
nator for the vehicle is designed so that the one of the 
coil end groups has inclined portions extending slant 
with respect to an axial direction, and the wind flow pas- 
sage is formed between the inclined portions. The cool- 
ing wind from the cooling fan can be softly received and 
smoothly guided by the inclined portions. Thus, it is pos- 
sible to implement noise reduction even in a structure 
where almost the whole of a coil end group in an axial 
direction is directly opposed to the outer portion of a 
cooling fan. 

[001 4] According to the invention of claim 5, the alter- 
nator for the vehicle is designed so that the cooling fan 
has blades whose number differs from a number of the 
claws of the field iron core. Thus, it is possible to prevent 
the occurrence of great fan noise caused by synchroni- 
zation between a pressure variation due to the centrifu- 
gal fan effect at the claw side surfaces of the field iron 
core and a pressure variation generated by the cooling 
fan. 

[001 5] To provide a sufficient flow rate of cooling air, 
as in the invention of claim 6, it is preferable that the 
cooling fan is provided on one of the axial-direction 
ends of the field iron core, and there is provided another 
cooling fan provided on the other axial-direction end of 
the field iron core. In this case, the two cooling fans are 
provided on the two ends of the field iron core. Noise 
reduction can be provided when one of the cooling fans 
has blades whose number differs from a number of the 
claws of the field iron core. The number of blades of the 
other cooling fan can be chosen arbitrarily. For example, 
the number of the blades is set different from the 
number of the claws of the field iron core to provide 
noise suppression. The number of the blades may be 
set equal to the number of the claws of the field iron 
core, and the blades may be located at the back of the 
claws to facilitate air flow into the regions between the 
claws of the field iron core. 

[0016] For a compact alternator design and a noise 
reduction, it is preferable to use a structure in which an 
axial-direction edge of a coil end group and an axial- 
direction edge of a cooling fan are aligned with each 
other, and a portion (a base portion extending from an 
axial-direction central portion) of the cooling fan which 
relatively strongly forces a cooling wind is opposed to 
inclined portions in axial-direction intermediate portions 
of coil ends. 



[0017] To provide a high cooling performance, an area 
in which the coil end group and the cooling fan are 
opposed to each other is preferably set so as to corre- 
spond to about 80% or more of the axial-direction 

5 dimension of the coil end group. To effectively use the 
air drive ability of the cooling fan, it is preferable to also 
use a structure in which almost the whole of the sides of 
radial-direction outer portions of the cooling fan blades 
is opposed to the inner circumferential surfaces of the 

70 coil end group. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0018] 

15 

Fig. 1 is a sectional view of a main portion of an 
alternator for a vehicle according to a first embodi- 
ment of this invention, 

Rg. 2 is a sectional view of a portion of a stator in 
20 the first embodiment of this invention. 

Rg. 3 is a diagrammatic perspective view of electric 
conductors in the first embodiment of this invention. 
Rg. 4 is a diagram of electric conductors and a sta- 
tor iron core in the first embodiment of this inven- 
ts tion. 

Rg. 5 is a perspective view of the electric conduc- 
tors and the stator iron core in the first embodiment 
of this invention. 

Rg. 6 is a diagram showing the effect of enhancing 
30 the cooling performance of a stator wirxiing in the 
first emt)odiment of this invention. 
Rg. 7 is a diagram showing the fan noise reducing 
effect in the first embodiment of this invention. 
Rg. 8 is a diagram of a variation in fan noise in the 
35 first embodiment of this invention. 

Rg. 9 is a diagram of a variation in alternator power 
output in the first embodiment of this invention. 
Rg. 10 is a diagrammatic perspective view of an 
electric conductor in a second embodiment of this 
40 invention. 

Rg. 1 1 is a perspective view of electric conductors 
and a stator iron core in the second embodiment of 
this invention. 

Fig. 12(A) is a diagram of a cooling fan in the first 
45 embodiment of this invention. 

Rg. 12(B) is a diagram of a cooling fan in the first 

embodiment of this invention. 

Fig. 12(C) is a diagram of a modified cooling fan. 

Fig. 13 is a sectional view of a prior-art alternator 
50 for a vehicle. 

nF.qCRIPTIQNOFTHE PREFERRED EMBQDI- 
f^ENTS 

55 First Embodiment 

[0019] With reference to Fig. 1 , an alternator 1 for a 
vehicle according to a first embodiment of this invention 
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includes a stator 2, a rotor 3, a housing 4, a rectifier 5, 
and a voltage adjustment device 1 1 . The stator 2 serves 
as an armature. The rotor 3 serves to generate mag- 
netic field. The housing 4 supports the stator 2 and the 
rotor 3. The rectifier 5 is directly connected to the stator 
2. The rectifier 5 converts alternating cun'ent power into 
direct current power. The voltage adjustment device 1 1 
adjusts a field current to control a generated electric 
power. 

[0020] The rotor 3 rotates together with a shaft 6. The 
rotor 3 includes one set of Lundel-type field iron cores 7. 
a front cooling fan 12. a rear cooling fan 13, a field coil 
8, and slip rings 9 and 10. The shaft 6 is connected to a 
pulley 20, and is rotated and driven by an engine (not 
shown) for powering the vehicle. 
[0021] The front cooling fan 12 and the rear cooling 
fan 13 are fixed to the respective surfaces of two ends of 
the rotor 3 in an axial direction. The front cooling fan 12 
has centrifugal fan blades and also mixed flow fan 
blades. The rear cooling fan 13 has centrifugal fan 
blades. The outside diameter RO of the cooling fans 12 
and 1 3 is smaller than the outermost diameter R1 of the 
field iron cores 7. In the first embodiment of this inven- 
tion, the outside diameter RO of the cooling fans 12 and 
13 is set to 88 mm while the outermost diameter R1 of 
the field iron cores 7 is set to 92 mm. The number of the 
blades of each of the cooling fans 12 and 13 is smaller 
than the number of daws of related one of the field iron 
cores 7. In the first embodiment of this invention, the 
number of the blades of each of the cooling fans 12 and 
1 3 is set to seven while the number of the clavifs of each 
of the field iron cores 7 is set to eight. 
[0022] An axial-direction end of the housing 4 has inlet 
openings 41 for cooling winds. An outer circumferential 
portion of the housing 4 has two shoulders formed with 
outlet openings 42 which correspond to radial-direction 
outer portions of a first coil end group 31a and a second 
coil end group 31b on the stator 2. 
[0023] As shown in Fig. 2, the stator 2 has an iron core 
32. a stator winding, and an insulator 34. The stator iron 
core 32 has a plurality of slots 35. Electric conductors 
{stator winding segments) placed into the slots 35 com- 
pose the stator winding. The stator winding has multiple 
phases. The stator winding forms the first coil end group 
31a and the second coil end group 31b. The insulator 34 
provides electric insulation between the stator iron core 
32 and the electric conductors (the stator winding seg- 
ments). As previously indicated, the stator 2 is sup- 
ported by the housing 4. 

[0024] In the first embodiment of this invention, the 
stator winding has three phases in correspondence with 
the number of magnetic poles on the rotor 3. The slots 
35 are spaced at equal intervals so as to accommodate 
the 3-phase stator winding. About 80% of the inner cir- 
cumferential surfaces of the first coil end group 31a is 
opposed to the rear cooling fan 13. About 80% of the 
inner circumferential surfaces of the second coil end 
group 31b is opposed to the front cooling fan 12. 
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[0025] As previously explained, the stator winding 
which extends in the slots 35 of the stator iron core 32 is 
formed by a plurality of electric conductors. Each of the 
slots 35 accommodates an even number of electric con- 

5 ductors. In the first embodiment of this invention, each 
of the slots 35 accommodates four electric conductors. 
As shown in Fig. 2, in each of the slots 35, the four elec- 
tric conductors 331 a. 332a, 332b\ and 331b' are 
arranged in a line with respect to a radial direction of the 

70 stator iron core 32. and form an inner end layer, an inner 
mid layer, an outer mid layer, and an outer end layer 
respectively. 

[0026] With reference to Figs. 2. 3, and 4. the electric 
conductor 331a of the inner end layer in one slot 35 

75 pairs with the electric conductor 331b of the outer end 
layer in another slot 35 which separates from the former 
slot 35 by a 1 -magnetic-pole pitch in a clockwise direc- 
tion of the stator iron core 32. Similarly, the electric con- 
ductor 332a of the inner mid layer in one slot 35 pairs 

20 vwth the electric conductor 332b of the outer mid layer in 
another slot 35 which separates from the former slot 35 
by a 1 -magnetic-pole pitch in the clockwise direction of 
the stator iron core 32. The electric conductors 331a 
and 331b in the pair are connected by a continuous wire 

25 portion with a turn portion 331c which extends at one of 
axiaWlrection ends of the stator iron core 32. The elec- 
tric conductors 331a and 331b. and the continuous por- 
tion compose a U-shaped integral electric conductor. 
Similarly, the electric conductors 332a and 332b in the 

30 pair are connected by a continuous wire portion with a 
turn portion 332c which extends at one of the axial- 
direction ends of the stator iron core 32. The electric 
conductors 332a and 332b, and the continuous portion 
compose a U-shaped integral electric conductor. At one 

35 of the ends of the stator iron core 32, the continuous 
wire portion for connecting the electric conductor of the 
outer mid layer and the electric conductor of the inner 
mid layer is surrounded by the continuous wire portion 
tor connecting the electric conductor of the outer end 

40 layer and the electric conductor of the inner end layer. In 
this way, at one end of the stator iron core 32, a con- 
necting portion for electric conductors making a pair 
and extending in slots 35 is surrounded by a connecting 
portion for electric conductors making another pair and 

45 extending in the same slots 35. A connection between 
an electric conductor of the outer mid layer and an elec- 
tric conductor of the inner mid layer forms a mid-layer 
coil end. A connection between an electric conductor of 
the outer end layer and an electric conductor of the 

50 inner end layer forms an end-layer coil end. 

[0027] Also, the electric conductor 332a of the inner 
mid layer in one slot 35 pairs with the electric conductor 
331a' of the Inner end layer in another slot 35 which 
separates from the former slot 35 by a 1 -magnetic-pole 
55 pitch in the clockwise direction of the stator iron core 32. 
Similarly, the electric conductor 331b' of the outer end 
layer in one slot 35 pairs vAXh the electric conductor 
332b of the outer mid layer in another slot 35 which sep- 
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arates from the former slot 35 by a 1 -magnetic-pole 
pitch in the clockwise direction of the stator iron core 32. 
The electric conductors 332a and 331a' are connected 
by a junction (a joint) at the other axial-direction end of 
the stator iron core 32. The electric conductors 331b* 5 
and 332b are connected by a junction (a joint) at the 
other axial-direction end of the stator iron core 32. 
[0028] Accordingly, at the other end of the stator iron 
core 32. a joint portion (a junction portion) for connect- 
ing an electric conductor of the outer end layer and an io 
electric conductor of the outer mid layer, and a joint por- 
tion (a junction portion) lor connecting an electric con- 
ductor of the inner end layer and an electric conductor 
of the inner mid layer are arranged in a radial direction 
of the stator iron core 32. A connection between an is 
electric conductor of the outer end layer and an electric 
conductor of the outer mid layer, and a connection 
between an electric conductor of the inner end layer and 
an electric conductor of the inner mid layer form neigh- 
boring layer coil ends. In this way. at the other end of the 20 
stator iron core 32, connecting portions for pairs of elec- 
tric conductors are arranged without being overlapped. 
[0029] As shown in Fig. 3. an electric conductor of the 
inner end layer and an electric conductor of the outer 
end layer are portions of an approximately-U-shaped 25 
large integral wire segment 331. An electric conductor 
of the inner nnid layer and an electric conductor of the 
outer mid layer are portions of an approximately-U- 
shaped small integral wire segment 332. A basic seg- 
ment 33 is formed by a large segment 331 and a small 30 
segment 332. Each large segment 331 has portions 
331a and 331b placed in slots 35 and extending in the 
axial direction, and inclined portions 331f and 331g 
extending slant with respect to the axial direction at 
given angles. Each small segment 332 has portions 35 
332a and 332b placed in slots 35 and extending in the 
axial direction, and inclined portions 332f and 332g 
extending slant with respect to the axial direction at 
given angles. The inclined portions 331 f. 331 g, 332f, 
and 332g form coil ends. Air flow passages are formed 40 
mainly between the inclined portions 331t, 331g, 332f. 
and 332g. 

[0030] There are basic segments 33 having a struc- 
ture similar to the above-mentioned structure and 
extending into the slots 35 of the stator iron core 32. 45 
Regarding the second coil end group 31b, as shown in 
Fig. 3, an electric conductor joint portion 331 e' of the 
outer end layer, and an electric conductor joint portion 
332e of the outer mid layer are mechanically and elec- 
trically connected by welding, ultrasonic welding, arc so 
welding, brazing, or mechanical processing. Similarly, 
an electric conductor joint portion 332d of the inner mid 
layer, and an electric conductor joint portion 33 Id' of the 
inner end layer are mechanically and electrically con- 
nected by welding, ultrasonic welding, arc welding. 55 
brazing, or mechanical processing. To provide insula- 
tion between these joint portions and support thereof, 
they are coated with an insulating film or an insulating 



member. To improve vibration proof and durability with 
respect to environments, an insulating member may 
bridge a plurality of joint portions. Preferably, the insulat- 
ing member is thick only in regions contacting joint por- 
tions. 

[0031 ] A 1 -phase segment of the stator winding on the 
stator iron core 32 has a structure such as shown in Fig. 
4, The second coil end group 31b has an arrangement 
such as shown in Fig. 5. 

[0032] In the first coil end group 31a. mid-layer coil 
ends and end-layer coil ends are basic coil ends. In the 
second coil end group 3 lb. neighboring coil ends are 
tDasic coil ends. A plurality of basic coil ends are 
arranged while being regularly recurring. Clearances or 
gaps are provided among all the coil ends. The first and 
second coil end groups 31a and 31 b are annular In 
each of the first and second coil end groups 31a and 
31b, coil ends are distributed at approximately a con- 
stant density along a circumferential direction. 
[0033] In the first and second coil end groups 31 a and 
31b, many air fbw (passages are formed among coil 
ends. In each of the first and second coil end groups 
31a and 31b, air flow passages are distributed at 
approximately a constant density along a circumferen- 
tial direction. 

[0034] The inner circumferential surfaces of the first 
and second coil end groups 31a and 31b have a diame- 
ter slightly greater than the diameter of the inner circum- 
ferential surfaces of the stator iron core 32. The first and 
second coil end groups 31a and 31b have approxi- 
mately constant heights (axial dimensions) throughout 
their circumferences. 

[0035] Several coil ends among the coil ends in each 
of the first and second coil end groups 31a and 31b 
have special shapes different from those of the other 
coil ends. These special-shape coil ends are used for 
lead wires and connections to the winding. Although the 
special-shape coil ends cause the gaps between the 
coil ends, that is, the air flow passages, to be locally wid- 
ened or narrowed, the circumferentiat -direction distribu- 
tion of the coil ends in each of the first and second coil 
end groups 31a and 31 b does not have any great une- 
venness. 

[0036] The first and second coil end groups 31a and 
31b are coated with thin films of resin, and all the gaps 
between the coil ends are not fully blocked thereby. The 
thin resin films do not form a great unevenness of the 
distribution of the gaps between the coil ends. The thin 
resin films may bridge a plurality of coil ends in the 
radial direction. Even in this case, the thin resin films 
hardly affect air f low/s, and they do not form a great une- 
venness of the distribution of the gaps between the coil 
ends. 

[0037] The first and second coil end groups 31 a and 
31b are formed by arrangements mainly of coil ends 
having a given shape. In addition, the coil ends are 
arranged at approximately a uniform density with 
respect to the circumferential direction. The distribution 
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of the coW ends in the circumferential direction has 
hardly an un evenness. 

[0038] The axiai-direction end portions of the first and 
second coil end groups 31 a and 31b approximately 
align with the axial <lirection end portions of the cooling 
fans 12 and 13. About S0% of the axial-direction dimen- 
sion of the inner circumferential surfaces of the coil end 
groups 31a and 31b overlaps the cooling fans 1 2 and 1 3 
located inward thereof with respect to the radial direc- 
tion. Especially, about 80% of the axial-direction dimen- 
sion of the inner circumferential surfaces of the coil end 
groups 318 and 31b is opposed directly to the outer- 
most portions of the cooling tans 12 and 13 with respect 
to the radial direction. Almost the wholes of the sides of 
the outermost portions of the cooling fans 12 and 1 3 are 
opposed to the inner circumferential surfaces of the coil 
end groups 31a and 31b. Such opposed relations 
between the coil end groups 31a and 31b and the cool- 
ing fans 12 and 13 are maintained throughout the cir- 
cumferences of the coil erxi groups 31a and 31b. 
Therefore, about 80% of the areas of the inner circum- 
ferential surfaces of the coil end groups 31a and 31b 
directly receives cooling winds which are driven by the 
rotating cooling fans 12 and 13 in radially outward direc- 
tions. 

[0039] In the first embodiment of this invention, the 
axial-direction dimension l_2 of the outermost portion of 
the cooling fan 13 is equal to about 80% of the axlat- 
direction dimension LI of the coil end group 31a. 
[0040] Fig. 6 shows the effect of enhancing the cool- 
ing performance of the stator winding in the first embod- 
iment of this invention. The temperature of the stator 
winding was measured while the percentage of the 
inner circumferential surfaces of the coil end groups of 
the stator winding which were opposed to the cooling 
fans were varied as parameters. The measurement of 
the temperature of the stator winding used a resistance 
method. It was found that as long as 70% or more of the 
inner circumferential surfaces of the coil end groups of 
the stator winding was opposed to the cooling fans, a 
good cooling performance was provided. 
[0041] Fig. 7 shows the fan noise reducing effect in the 
first embodiment of this invention. The overall value of 
the fan noise level was measured under the conditions 
where the alternator for the vehicle according to the first 
embodiment of this invention was operated with no load, 
and a microphone was placed at a position 30-cm rear- 
ward away from the rear end portion of the alternator at 
an angle of 45 degrees in an anechoic room. 
[0042] In the first errbodiment of this invention, since 
80% of the inner circumferential surfaces of the coil end 
groups of the stator winding is opposed to the cooling 
fans and the gaps are formed between the coil ends in 
the coil end groups, it is possible to provide both an 
improvement of the cooling performance and a reduc- 
tion of fan noise as shown in Figs. 6 and 7. 
[0043] Figs. 8 and 9 show results of experiments 
using alternators containing stators 2 designed so that 



gaps were formed between electric conductors in coil 
end groups. During the experiments, the fan noise level 
was measured at an alternator rotational speed of 
12,000 rpm while the outermost diameter R1 of the field 

5 iron core 7 of the rotor 3 was fixed and the outside diam- 
eter RO of the cooling fans 12 and 13 was varied. Fig. 8 
shows the experimentally derived relation between the 
measured fan noise level and the ratio R0/R1. During 
the experiments, the alternator power output was meas- 

w ured at an alternator rotational speed of 12,000 rpm 
while the outermost diameter R1 of the field iron core 7 
of the rotor 3 was feed and the outside diameter RO of 
the cooling fans 12 and 13 was varied. Fig. 9 shows the 
experimentally derived relation between the measured 

15 alternator power output and the ratio R0/R1. It was 
found that when the ratio RO/RI was between 0.90 and 
0.96, the sufficient noise reducing effect was provided 
while a great reduction of the alternator power output 
was prevented. 

so [0044] In the case where the coil end groups are 
coated with thick f ilnrts of resin to provide vibration proof, 
the gaps between the coil ends are absent On the other 
hand, in the case virfiere thick films of resin cover only 
axial-direction edges of the coil end groups, a plurality 

25 of gaps are left between the bases of the coil end 
groups. In this case, it is irrportant that the ranges 
where the gaps are left are opposed to the cooling fans 
while the previously-mentioned relation is nnaintained. 
[0045] In view of the relation of the cooling fans 1 2 and 

30 13 with the shrouds, it is important that the externally 
exposed portions of the cooling fans 12 and 13 are 
opposed to the coil end groups while a given relation is 
maintained. In the case where the edges of the outer- 
most portions of the cooling fans 1 2 and 13 are formed 

35 by inclined sides, rt is important that the sides are 
opposed to the inner circumferential surfaces of the coil 
end groups while the previously-mentioned relation is 
maintained. 

40 Sewnd Embodiment 

[0046] The first embodiment of this invention uses sta- 
tor winding segments (electric conductor segments) 
having overlap turn portions. On the other hand, a sec- 

45 ond embodiment of this invention uses stator winding 
segments (electric conductor segments) 33 each hav- 
ing two legs as shown in Fig. 10. It is shown in Fig. 11 
that two legs of each stator winding segment are 
located in different slots as an inner layer and an outer 

50 layer, respectively In the case where there are four 
electric conductors per slot, they are electrically con- 
nected in series as two pairs. In the secorxi embodi- 
ment of this invention, gaps are formed between electric 
conductor segments in coil end groups. 

55 

Other Embodiments 

[0047] In the first embodiment of this Invention, the 
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stator winding is designed so that there are four electric 
conductors per slot. Alternatively, the number of electric 
conductors per slot may differ from four in accordance 
with a change in the design of each stator winding seg- 
ment or in accordance with the required alternator 
power output. 

[0048] In the first embodiment of this invention, the 
cooling fans are located at the two axial-direction ends 
of the field iron core of the rotor, in the case where the 
alternator is mounted on the vehicle and the cooling 
performance has a surplus in ambient temperature 
environments and required power output, it Is possible 
to employ the structure in which a cooling tan is pro- 
vided on at least one side. For example, the front cool- 
ing fan 12 may be omitted since the ambient 
temperature of the front side of the alternator is gener- 
ally lower than that of the rear side of the alternator. In 
this case, only the rear cooling fan 13 is present. 
[0049] One of the two cooling fans provided on the two 
ends of the field iron core may be a cooling fan having 
blades whose number differs from the number of the 
claws of the field iron core, and the other may be a cool- 
ing fan having blades whose number is equal to the 
number of the claws of the field iron core. 
[0050] The number of the blades of the cooling fan can 
be chosen in accordance with a required cooling air flow 
rate under the conditions where the number of the 
blades of the cooling fan differs from the number of the 
claws of the field iron core. For example, in the case 
where the number of the claws Is eight, the number of 
the blades of the cooling fan can be six, seven, nine, or 
ten. The number of the blades of the cooling fan may be 
equal to or less than the number of the claws of the field 
iron core. For example, in the case where the number of 
the claws is eight, the number of the blades of the rear 
cooling fan 13 may be seven while the number of the 
blades of the front cooling fan 1 2 may be eight. This 
design is preferable in the case where the front cooling 
fan 12 is a cooling fan which facilitates air flow into the 
regions between the claws. In the case where the 
number of the blades of the front cooling fan 1 2 is equal 
to the number of the claws and the blades are located at 
the back of the claws of the field iron core, it is possible 
to prevent the air flow into the regions between the 
claws from being blocked. 

[0051] In the first embodiment of this invention, the 
front cooling fan 12 has centrifugal fan blades and also 
mixed flow fan blades while the rear cooling fan 13 has 
centrifugal fan blades. Alternatively, each of the cooling 
fans 12 and 13 may have only centrifugal fan blades or 
mixed flow fan blades in accordance wnth ambient tem- 
perature environments occurring when the alternator is 
mounted on the vehicle. 

[0052J Fig. 12(A) and Fig. 12(B) show the front cooling 
fan 12 and the rear cooling fan 13 in the first embodi- 
ment of this invention. The front cooling fan 12 has two 
centrifugal fan blades and five mixed flow fan blades. 
The rear cooling fan 13 has seven axial flow fan blades. 



[0053] Fig. 12(C) shows a modified front cooling fan 
120. The modified front cooling fan 120 has eight mixed 
flow fan blades. The fan blades are located in corre- 
spondence with the back surfaces of the claws of the 
5 field iron core. The modified front cooling fan 120 of Fig. 
12(C) may be combined with the rear cooling fan 13 of 
Fig. 12(B). 

[0054] In the first embodiment of this invention, turn 
portions of stator winding segments are placed in the 

10 first coil end group 31a white joint portions of the stator 
winding segments are located in the second coil end 
group 31b. Alternatively, turn portions of stator winding 
segments may be placed in the second coil end group 
31b. In this case, joint portions of the stator winding seg- 

75 ments are located in the first coil end group 31a. 

[0055] In the first embodiment of this Invention, the 
outermost diameter R1 of the fieW iron cores 7 is set to 
92 mm. Provided that the air-flow-based cooling struc- 
ture is maintained, the outermost diameter R1 of the 

BO field iron cores 7 may be set to a value in the range of 
70 mm to 1 1 0 mm. 

[0056] Preferably, reinforcing ribs are absent from the 
cooling fans 12 and 13. In this case, the directions of 
travel of cooling winds drawn into the fans 12 and 13 

25 can be smoothly changed by base portions of the cool- 
ing fans 12 and 13, and then the cooling winds can be 
driven radially outward by the cooling fans 12 and 13. 
The cooling winds travel to the coil end groups 31a and 
31b which are formed with the air flow passages. Then. 

30 the cooling winds smoothly flow through the air flow 
passages in the coil end groups 31a and 31b. Thus, it is 
possible to reduce the sound of the breaking of the cool- 
ing winds by the coil ends. 

[0057] It is preferable that the gaps between the coil 
35 ends form air flow passages which extend through the 
coil end groups 31a and 31b in the radial directions. 
Alternatively, the gaps between the coil ends may form 
air flow passages which extend slant with respect to the 
radial directions at given angles. 
40 [0058] According to another modification of this inven- 
tion, resin films are provided in the coil end groups to 
form groove-like air flow passages between the coil 
ends only at the inner circumferential surfaces of the coil 
end groups. 

45 

Claims 

1 . An alternator for a vehicle, comprising : 

50 a stator including a stator iron core and a stator 

winding, the stator iron core having a plurality 
of slots, the stator winding being provided on 
the stator iron core and extending in the slots, 
the stator winding forming coil end groups at 

55 two erxis of the stator iron core in an axial 

direction; and 

a rotor including a field iron core and a cooling 
fan, the field iron core being opposed to and 
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located inward of the stator, the field iron core 
having magnetic pole daws, the cooling fan 
being located at an end of the field iron core in 
an axial direction; 

wherein 70% or more of an axial-direction 
height of one of the coil end groups which is 
located radially outward of the cooling tan over- 
laps the cooling fan with respect to a radial 
direction; and 

wherein a wind flow passage through which a 
cooling wind generated by the cooling fan 
passes is forn>ed in the one of the coil end 
groups. 

2. An alternator according to claim 1 , wherein the one is 
of the coil end groups includes an arrangement 
mainly of a recurrence of coil ends having a given 
shape. 

3. An alternator according to claim 1 or 2. wherein an 20 
outside diameter of the cooling fan is between 90% 
and 96% of an outermost diameter of the field iron 
core of the rotor. 

4. An alternator according to one of claims 1 to 3, 
wherein the one of the coil end groups has inclined 
portions extending slant with respect to an axial 
direction, and the wind flow passage is formed 
between the inclined portions. 

5. An alternator according to one of claims 1 to 4. 
wherein the cooling fan has blades whose nunnber 
differs from a number of the claws of the field iron 
core. 

6. An alternator according to claim 5, wherein the 
cooling fan is provided on one of the axial-direction 
ends of the field iron core, and there is provided 
another cooling fan provided on the other axial- 
direction end of the field iron core. 
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(54) Alternator for vehicle 

(57) It is an object of this invention to provide a com- 
pact high-power alternator for a vehicle. An alternator 
(1) for a vehicle includes a stator (2) and a rotor (3). The 
stator (2) serves as an armature. The rotor (3) operates 
to generate magnetic field. A front cooling fan (12) and 
a rear cooling fan (13) are fixed to two axial-direction 
ends of the rotor (3) respectively. The outside diameter 
(RO) of the cooling fans (12, 13) is equal to the outside 
diameter (R1) of the rotor (3) which is multiplied by a 
value of 0.90 to 0.96. The stator (2) includes a stator. 
iron core (32). a stator winding, and an insulator (34) for 
providing insulation between the stator iron core (32) 
and the stator winding. Coil end groups (31a, 31b) 
extend from axial -direction end surfaces of the stator 
iron core (32) respectively. In the coil end groups (31a, 
31b), gaps are formed between portions of the stator 
winding. Here. 70% or more (for example, 80%) of inner 
circumferential surfaces of the coil end groups (31a, 
31b) is opposed to the cooling fans (12, 13). 
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